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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1 . This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical thin film with which it has the thin film of at least one layer formed by 
the base, and internal stress of this thin film is characterized by tensile stress or this thing 
[ changing conversely ] from compressive stress in that direction of thickness. 
[Claim 2] The optical thin film with which it has the thin film of two or more layers by which 
the laminating was carried out to the base, and internal stress of each thin film is characterized 
by tensile stress or this thing [ changing conversely ] from compressive stress in that direction 
of thickness. 

[Claim 3] The optical thin film according to claim 1 or 2 characterized by reducing the internal 
stress of said whole optical thin film so that the flatness of an optical thin film may become 
**ten or less variation of an interference fringe. 

[Claim 4] Claim 1 characterized by forming the surface layer of an optical thin film by DC arc 
plasma, RF ion plating, or the membrane formation approach using ion assistance thru/or an 
optical thin film given in 3 any 1 terms. 

[Claim 5] The manufacture approach of the optical thin film characterized for the internal 
stress of said thin film by tensile stress or this thing [ making it change conversely ] from 
compressive stress in that direction of thickness by having the process which forms the thin 
film of at least one layer on the surface of a base, and changing either [ at least ] the membrane 
formation approach or membrane formation conditions into this process. 

[Claim 6] The manufacture approach of the optical thin film characterized for the internal 
stress of each thin film by tensile stress or this thing [ making it change conversely 1 from 
compressive stress in that direction of thickness by having the process which carries out the 
laminating of the thin film of two or more layers on the surface of a base, and changing either 
[ at least 1 the membrane formation approach or membrane formation conditions during 
membrane formation of each thin film. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an optical thin film and its manufacture 
approaches, such as high reflective film which consists of the monolayer or the multilayer 
thin film formed on the substrate, a filter, an antireflection film, and a half mirror. 
[0002] 

[Description of the Prior Art] Tensile force or compressive force acts on the surface of a 
substrate for the internal stress of each thin film, a substrate is distorted or optical thin films, 
such as high reflective film which consists of the monolayer or the multilayer thin film formed 
by the vacuum deposition method, the spatter, etc. on the substrate, a filter, an antireflection 
film, and a half mirror, generate troubles, like the whole optical thin film or its part separates, 
the approach (JP, 62-18881 ,B — ) of balancing the force of acting on a substrate with the 
internal stress by forming a thin film to both sides of a substrate conventionally in order to 
prevent this Refer to JP,5-127018,A and the method (refer to JP,58-1 1 3901 ,A) of giving 
distortion of tales doses beforehand to the substrate with distortion and the reverse sense of 
the substrate generated with the internal stress of a thin film, The method (JP,2-1 27601 ,A) 
of reducing the internal stress of the whole multilayers combining the thin film whose internal 
stress is compressive stress, and the thin film whose internal stress is tensile stress etc. is 
developed. 
[0003] 

[Problem(s) to be Solved by the Invention] However, according to the above-mentioned Prior 
art, the approach of forming membranes to both sides of a substrate is unsuitable when it 
needs an optical thin film only for one side of a substrate, since the process into which a 
substrate is made to deform is added, the routing counter of the approach [ of giving 
distortion beforehand to the substrate ] increases, and it causes the fall of productivity. 
[0004] Moreover, the approach of manufacturing multilayers combining the thin film which 
makes compressive stress internal stress, and the thin film which makes tensile stress 
internal stress Although there is no possibility of making the front face of a substrate 
distorted since the internal stress of the whole multilayers is reduced Also in the part which 
the thin film with which between the thin films of the 1st layer which touch a substrate and 
this tends to separate for the internal stress of this thin film, and makes tensile stress 
internal stress, and the thin film which makes compressive stress internal stress touch, it is 
easy to generate film peeling for a stress difference. In addition, this approach's having 
un-arranged [ that it is inapplicable ] to the optical thin film of a monolayer. 
[0005] This invention is a thing aiming at being made in view of the trouble which the 
above-mentioned Prior art has, and offering the optical thin film highly efficient and cheap 
moreover which can avoid effectively the trouble of a substrate etc. being distorted within 
each thin film which constitutes this optical thin film for phase murder and said internal 
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stress, or film peeling generating the internal stress of an optical thin film, and its 

manufacture approach. 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical 
thin film of this invention has the thin film of at least one layer formed by the base, and 
internal stress of this thin film is characterized by tensile stress or this thing [ changing 
conversely ] from compressive stress in that direction of thickness. 
[0007] It is good to reduce the internal stress of said whole optical thin film so that the 
flatness of an optical thin film may become **ten or less variation of an interference fringe. 
[0008] It is good to form the surface layer of an optical thin film by DC arc plasma, RF ion 
plating, or the membrane formation approach using ion assistance. 

[0009] The manufacture approach of the optical thin film of this invention is having the 
process which forms the thin film of at least one layer on the surface of a base, and changing 
either [ at least ] the membrane formation approach or membrane formation conditions into 
this process, and is characterized for the internal stress of said thin film by tensile stress or 
this thing [ making it change conversely ] from compressive stress in that direction of 
thickness. 
[0010] 

[Function] The internal stress of a thin film can be changed from compressive stress to 
tensile stress or this reverse in the direction of thickness by changing either [ at least ] the 
membrane formation approach or membrane formation conditions during membrane formation 
of a thin film. Thus, the internal stress of a thin film is changed in the direction of thickness, 
and the internal stress of phase murder and the whole optical thin film is reduced below to an 
allowed value inside a thin film. 

[001 1] When optical thin films are multilayers, the internal stress of each thin film is changed 
from compressive stress to tensile stress or this reverse in the direction of thickness, and 
the internal stress for every thin film is offset below to an allowed value. Thus, the internal 
stress of the whole optical thin film is reduced until the flatness of for example, an optical thin 
film becomes **ten or less variation of an interference fringe, a substrate is distorted for said 
internal stress, or the trouble of film peeling occurring is avoided. 
[0012] Since internal stress is reduced below at the allowed value for each [ which 
constitutes an optical thin film ] thin film of every, also when the thin film which touches a 
base separates from a base, or there is no possibility that thin films may cause film peeling 
and also it forms membranes on one side of a base, it can apply, and it is not necessary to 
make a base transform beforehand. Therefore, a highly efficient and cheap optical thin film 
can be realized, without distorting a base for the internal stress of a thin film, or being able to 
avoid troubles, such as causing film peeling, effectively, and also a manufacturing cost soaring. 
[0013] 
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[Embodiment of the Invention] The gestalt of operation of this invention is explained based 
on a drawing. 

[0014] Drawing 1 shows the film configuration of the optical thin film by one example, and this 
forms the optical thin film 2 which carries out the predetermined number [ every ] laminating 
of the thin film 10 of a high refractive-index ingredient, and the thin film 20 of a low 
refractive-index ingredient by turns on the substrate 1 which is a base, and has a 
predetermined optical property. The bottom half section 1 1 in which internal stress was 
formed by the basis of membrane formation conditions predetermined by the membrane 
formation approach respectively predetermined in the thin film 10 of a high refractive-index 
ingredient so that it might become tensile stress, It consists of the Johan section 12 formed 
so that internal stress might turn into compressive stress by changing membrane formation 
conditions, such as adding ion assistance, by the same membrane formation approach. The 
bottom half section 21 by which the thin film 20 of a low refractive-index ingredient was 
similarly formed, respectively so that internal stress might turn into tensile stress at the 
basis of membrane formation conditions predetermined by the predetermined membrane 
formation approach, It consists of the Johan section 22 formed so that internal stress might 
turn into compressive stress by changing membrane formation conditions, such as adding ion 
assistance, by the same membrane formation approach. 

[0015] Thus, by the thing which form each thin films 10 and 20 and for which membrane 
formation conditions are changed in process, the bottom half sections 1 1 and 21 of each thin 
films 10 and 20 and the Johan sections 12 and 22 are made to generate the internal stress of 
the reverse sense in **, and these are formed so that phase murder and the internal stress 
of each thin films 10 and 20 may become below an allowed value. The allowed value of the 
internal stress of each thin films 10 and 20 is set up based on the allowed value of the 
internal stress of the optical thin film 2 whole. For example, when the flatness of the front 
face of the optical thin film 2 is measured with the interferometer using a laser beam, in order 
for the variation of an interference fringe to be **N or less, the following formulas are used, 
and it is allowed value sigmaO of the internal stress of the optical thin film 2 whole. It 
computes and let what assigned this to each thin films 10 and 20 be the allowed value sigma 
of the internal stress of each thin films 10 and 20. 
[0016] 
[Equation 1] 

E' Young's modulus D' of a substrate - thickness nu: of a substrate - Poisson's ratio L- of a 
substrate - wavelength N* of the die-length lambda -interferome trie measurement light of a 
substrate - by the variation type (l) of an interference fringe For example, allowed value 
sigmaO of the internal stress of the optical thin film 2 whole for being **ten or less variation of 
the interference fringe using the laser beam whose flatness of the optical thin film 2 is the 
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wavelength of 633nm It computes and what **(ed) this with the number of layers of the optical 
thin film 2 serves as the allowed value sigma of the internal stress of each thin films 10 and 20. 
[0017] Thickness dl of the bottom half section of each thin films 10 and 20 Thickness d2 of the 
Johan section It asks by solving the following simultaneous equations. 
[0018] 

d=dl+d2 (2) 

sigma=(sigmal dl+sigma2 d2)/(dl+d2) .... (3) 

here - thickness sigmal of d'each whole thin films 10 and 20 • Internal stress sigma2 of the 
bottom half section of each thin films 10 and 20 • it is the internal stress of the Johan section of 
each thin films 10 and 20 - internal stress sigmaO, sigma, sigmal, and sigma2 It is expressed 
with a negative value, when it is tensile stress and is a forward value and compressive stress. 
[0019] Thus, since it is what offsets internal stress inside each thin film only by changing 
membrane formation conditions while forming membranes for every thin film formed by the 
substrate, there is no possibility that the number of production processes of an optical thin film 
may increase like [ in the case of making the substrate distorted beforehand ], and an optical 
thin film may form high cost. That is, for the internal stress of a thin film, a substrate can be 
distorted, or troubles, such as causing film peeling, can be avoided and an optical thin film 
highly efficient and cheap moreover can be obtained. Moreover, when an optical thin film is a 
monolayer, or when preparing an optical thin film only in one side of a substrate, it does not 
produce un~ arranging. 

[0020] In addition, the membrane formation approach may be changed instead of changing 
membrane formation conditions, while forming each thin film. Furthermore, not only 1 time 
but how many times are sufficient as the count which changes membrane formation conditions 
and the membrane formation approach. 

[0021] Moreover, as an ingredient which forms each thin film, the thing of arbitration, such as 
MgF2, Zr02, Ti02, Si02, aluminum 203, Ta 205, Hf02, Y2 03, Sn02, and ZnS, can be used. 
[0022] Thickness uses thin optical glass with 0.5mm as a substrate. (The 1st example) The 
layer which consists of quality A of mixture (Zr02/Ti02 =6/1) as a high refractive -index 
ingredient on this glass substrate is used as a high refractive -index layer. MgF2 from - the 
dielectric quantity reflective cascade screen which is an optical thin film which uses the 
becoming layer as a low refractive -index layer, carries out a total of 40-layer laminating of each 
by turns, and makes 633nm main wavelength is formed. If it is **ten or less on the basis of a 
perfect flat surface in the interferometer with which the variation of the interference fringe 
showing the flatness of this optical thin film used the 633nm laser beam, the internal stress of 
an optical thin film is small enough, a substrate will be distorted or there will be no possibility 
of producing film peeling. 

[0023] Then, membranes were formed to the thickness set up, respectively by two kinds of 
membrane formation approaches beforehand searched for in the following ways at the time of 
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membrane formation of a high refractive-index layer and each low refractive-index layer. There 
was very little deformation of the substrate with which the variation of the interference fringe 
by the stress of the whole dielectric quantity reflective cascade screen originates in the internal 
stress of a thin film by 9.6, and the dielectric quantity reflecting mirror with good profile 
irregularity was obtained by this. 

[0024] In order to make variation of an interference fringe or less into **ten by the whole 
dielectric quantity reflective cascade screen, it is the stress value of a formula (l) to the whole 
dielectric quantity reflective cascade screen 6.8x106 n/m2 It must be made below. When 
dispersion in the conditions at the time of membrane formation of each class etc. is taken into 
consideration, it is the stress value of a formula (2) and a formula (3) to each class About 0 n/m2 
It turns out [ a target, then ] that it is good. 

[0025] The bottom half section of a high refractive -index layer is the part formed by the usual 
vacuum deposition (henceforth the "EB method") of electron gun heating. Moreover, the Johan 
section of a high re tractive -index layer The ion assistant membrane formation approach of 
performing Ar ion irradiation to coincidence towards the above-mentioned substrate during the 
EB method membrane formation (it is hereafter called the "IAD method".) It was the formed 
part and a membrane formation pressure, a membrane formation rate, and membrane 
formation temperature were as being shown in the following table 1, respectively. The numeric 
value of the stress in Table 1 measured beforehand the stress value of the quality A of mixture 
which formed membranes on this condition. 

[0026] the mixed matter film formed by the EB method on condition that Table 1 - tensile 
stress +2.0x108 n/m2 and IAD, since the mixed matter film formed by law is 
compressive-stress-2.0xl08 n/m2 the stress value of a high refractive "index layer - almost - 
sigma=0 n/m2 ** - for carrying out - a high refractive -index layer - setting - the EB method 
and IAD - it turns out that what is necessary is just to make into an outline 1:1 the thickness 
ratio of the bottom half section and the Johan section depended on law. 

[0027] the part by which similarly the bottom half section of a low refractive -index layer was 
formed by the EB method - it is - moreover, the Johan section of a low refractive "index layer - 
IAD - it was the part formed by law and a membrane formation pressure, a membrane 
formation rate, and membrane formation temperature were as being shown in the following 
table 2, respectively. MgF2 which formed membranes on this condition It is the numeric value 
of the stress of Table 2 which measured the stress value beforehand. 

[0028] MgF2 formed by the EB method on condition that Table 2 the film - tensile stress 
+2.25x108 n/m2 and IAD MgF2 formed by law the film - compressive-stress- 1.5x108 n/m2 it 
is since a formula (2) and a formula (3) - the stress of a low refractive -index layer - almost 
- sigma=0 n/m2 ** for carrying out - a low refractive-index layer - setting - the EB method 
and IAD - it turns out that what is necessary is just to set to about 2:3 each thickness ratio of 
the bottom half section depended on law, and the Johan section. 
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[0029] Moreover, the forming-membranes method and thickness of each class of the optical thin 
film of the above-mentioned specification are as being shown in Table 3. 

[0030] As the spectral-reflectance curve of the created optical thin film was shown in drawing 2 , 
the variation of the interference fringe by 99% or more of reflection factors in 633nm and the 
created stress of the whole dielectric quantity reflective cascade screen became 9.6 focusing on 
the wavelength of 633nm, there was very little deformation of the substrate generated with 
membranous stress, and the dielectric quantity reflecting mirror with good profile irregularity 
was obtained. 

[0031] moreover, the outermost layer to which this dielectric quantity reflective cascade screen 
touches air IAD - since membranes were formed by law, the result of a mechanical test (it 
rubs and examines), a high-humidity/temperature trial, and a solvent bath trial showed the 
result better than the case where membranes are formed only by the EB method as shown in 
Table 4. 
[0032] 
[Table 1] 

[0033] 
[Table 2] 

[0034] 
[Table 3] 

Layer number: 1, 2 and 3 from a substrate side, 38, 39, 40 [0035] 
[Table 4] 

Film by the EB method : The same ingredient as this example, a configuration - the EB 
method - creation It rubs and is trial-lens cleaning paper. 300g load Ten round trips 
High-humidity/temperature trial: 70 degrees 85% 500 hours Solvent bath trial: Ethanol On a 
transparence glass substrate (thickness of 0.1mm) very thin for 100 hours (the 2nd example), 
as a high refractive -index ingredient Ti02 from the becoming layer - the high 
refractive-index layer T carrying out - as a low refractive -index ingredient Si02 The 
becoming layer is used as the low refractive-index layer S. from - A laminating is carried out 
with the film configuration of TS(TS) 8 TS, and it sets in wavelength of 600nm. Permeability 
60%, The red transparency filter film which is an optical thin film which does not have change 
of the interference fringe on the basis of the perfect flat surface by the laser beam 
interferometer (0.01 resolution) with a% [ of permeability / or less ] of 5 and a wavelength of 
633nm in the permeability of 85% or more and the wavelength of 450nm - 560nm in the 
wavelength of 620nm or more is formed. 
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[0036] in order to consider as **zero variation of an interference fringe by the whole red 
transparenc}' filter film - the interference fringe of an interferometer " resolution - the 
following stress values, i.e., the red transparency filter film whole, a stress value - 3.5x102 
n/m2 It must be made below. It is the stress value of each class by the formula (2) and the 
formula (3) About 0 n/m2 It turns out [ a target, then ] that it is good. 

[0037] Then, change of the interference fringe by the stress of the whole red transparency filter 
film became **zero by forming membranes to the thickness for which it asked, respectively on 
two kinds of membrane formation approaches beforehand searched for in the following ways at 
the time of membrane formation of a high refractive-index layer and each low refractive -index 
layer, and membrane formation conditions, and the red transparency filter which does not have 
deformation of the substrate generated with membranous stress, and does not have change of 
profile irregularity was obtained. 

[0038] The bottom half section of a high refractive index layer is formed by the EB method, it is 
the part formed by the RF ion PUTETINGU membrane formation approach (henceforth the 
"RFIP method") of performing to coincidence the Johan section of a high refractive -index layer 
generating RF plasma during the EB method membrane formation, and a membrane formation 
pressure, a membrane formation rate, and membrane formation temperature are formed on the 
conditions shown in the following table 5, respectively. Ti02 which formed membranes on this 
condition The numeric value of the stress in Table 5 measured the stress value beforehand. 
[0039] Ti02 formed by the EB method on condition that Table 5 the bottom half section - 
tensile stress +2.0x108 n/m2 and RFIP - Ti02 formed by law the Johan section - 
compressive-stress-2.0xl08 n/m2 it is . the stress of a high refractive -index layer sigma=0 
n/m2 ** -- for carrying out - a high refractive-index layer - setting - the EB method and RFIP 
-- it turns out that what is necessary is just to set to l'l each thickness ratio of the part formed 
by law. 

[0040] the same the bottom half section of a low refractive -index layer - IAD the part 
formed by law - it is -- the IAD with the same Johan section of a low refractive -index layer ■■ by 
law, a membrane formation rate is changed and membranes are formed. A membrane 
formation pressure, a membrane formation rate, and membrane formation temperature are 
formed on the conditions shown in the following table 6, respectively. Si02 which formed 
membranes on this condition The numeric value of the stress in Table 6 measured the 
membranous stress value beforehand. 

[0041] the conditions of Table 6 -■ Si02 the bottom half section - the Johan section of tensile 
stress +1x108 n/m2 and Si02 - compressive -stress- 1x108 n/m2 it is since - the stress of a low 
refractive -index layer - sigma=0 n/m2 ** - in order to carry out, it turns out that what is 
necessary is just to set the thickness ratio of the bottom half section of a low refractive "index 
layer, and the Johan section to 1-1. 

[0042] Moreover, the membrane formation approach of each class of the red transparency filter 
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film of the above-mentioned specification and thickness are as in Table 7. 

[0043] thus, the spectral transmittance curve of the created infrared filter film like drawing 3 
The permeability in 600nm is 60%, and it sets to 620nm or more. 85% or more of permeability, 
There is no fear of deformation of the substrate which it is 5% or less of permeability in 450nm - 
560nm, and there is no change of the interference fringe by the stress of the whole red 
transparency filter, therefore is generated with membranous stress, and the red transparency 
filter which does not cause change to substrate profile irregularity was obtained. 
[0044] moreover, the outermost layer to which this infrared filter film touches air - RFIP - 
since membranes were formed by law, the result of a mechanical test (it rubs and examines), a 
high-humidity/temperature trial, and a solvent bath trial showed the result better than what 
formed membranes only by the EB method as shown in Table 8. 
[0045] 
[Table 5] 



[0046] 
[Table 6] 

[0047] 
[Table 7] 



Layer number- 1, 2 and 3 from a substrate side, 38, 39, 40 [0048] 
[Table 8] 

Film by the EB method • The same ingredient as this example, It creates only by the EB 
method with a configuration. It rubs and is trial-lens cleaning paper. 300g load Ten round trips 
High-humidity/temperature trial- 70 degrees 85% 500 hours Solvent bath trial: Ethanol To a 
transparence resin substrate (thickness of 0.2mm) for 100 hours (the 3rd example) aluminum2 
03 from " the high refractive-index layer H which consists of a becoming middle 
refractive-index layer M and quality A of mixture - MgF2 from - the laminating of the 
becoming low refractive -index layer L was carried out like M/H/L from the base side, and 
change of the interference fringe on the basis of the perfect flat surface by 633nm laser light 
interferometer formed the light antire flection film which are **five or less optical thin films. 
[0049] At this time, change of the interference fringe by the stress of the whole antireflection 
film becomes 4.5 by forming membranes to the thickness for which it asked, respectively on two 
kinds of membrane formation approaches beforehand searched for in the following ways at the 
time of membrane formation of a middle refractive -index layer, a high refractive -index layer, 
and each low refractive-index layer, and membrane formation conditions, there is no 
deformation of the resin substrate generated with membranous stress, and the optic with 
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which acid resisting with good profile irregularity was performed was obtained. 
[0050] In order to make variation of an interference fringe or less into **five with the whole 
antire flection film, it is the stress value of the whole antire flection film 3.4x106 n/m2 It must be 
made below. Therefore, it is the stress value of each class About 0 n/m2 What is necessary is 
just to aim at carrying out. 

[0051] The bottom half section of a middle refractive -index layer is formed by the EB method, it 
is the part formed by the DC ion PUTETINGU membrane formation approach (henceforth the 
"DCIP method") of performing to coincidence the Johan section of a middle refractive -index 
layer generating DC arc plasma during the EB method membrane formation, and a membrane 
formation pressure, a membrane formation rate, and membrane formation temperature are 
formed on the conditions shown in the following table 9, respectively, aluminum 203 which 
formed membranes on this condition The numeric value of the stress in Table 9 measured the 
stress value beforehand. 

[0052] aluminum 203 formed by the EB method on condition that Table 9 aluminum 203 by 
which the bottom half section was formed by tensile stress +1.0x108 n/m2 and the DCIP 
method the Johan section " compressive -stress- 2. 0x108 n/m2 it is - since - In order to make 
stress of a middle refractive-index layer into sigma=0 n/m2 mostly, it turns out that what is 
necessary is just to set each thickness ratio of the bottom half section in a middle 
refractive-index layer, and the Johan section to 2*1. 

[0053] the bottom half section of a high refractive -index layer - IAD — membranes are formed 
by law -- having - the IAD with the same Johan section of a high refractive -index layer - it is 
the part which changed the membrane formation rate and the membrane formation pressure, 
and was formed by law, and a membrane formation pressure, & membrane formation rate, and 
membrane formation temperature are formed on the conditions shown in the following table 10, 
respectively. The numeric value of the stress in Table 10 measured beforehand the stress value 
of the quality A of mixture which formed membranes on this condition. 

[0054] the conditions of Table 10 - the bottom half section of the quality A of mixture - tensile 
stress +5.0x107 n/m2 and the Johan section of the quality A of mixture - 
compressive-stress- 1.5x108 n/m2 it is - since - the stress of a high refractive -index layer - 
almost -- sigma=0 n/m2 ** - in order to carry out, it turns out that what is necessary is just to 
set each thickness ratio of the bottom half section of a high refractive -index layer, and the 
Johan section to 3-1. 

[0055] the same - the bottom half section of a low refractive -index layer - IAD - the part 
formed by law - it is moreover, the IAD with the same Johan section of a low refractive-index 
layer by law, a membrane formation rate and a membrane formation pressure are changed, 
and membranes are formed. A membrane formation pressure, a membrane formation rate, and 
membrane formation temperature are formed on the conditions shown in the following table 11, 
respectively. MgF2 which formed membranes on this condition The numeric value of the stress 
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in Table 11 measured the membranous stress value beforehand. 

[0056] the conditions of Table 11 - MgF2 the bottom half section tensile stress +3.0x108 n/m2 
and the Johan section - compressive-stress- 1.5x108 n/m2 it is - since - the stress of a low 
refractive "index layer - almost - sigma=0 n/m2 ** ■ in order to carry out, it turns out that 
what is necessary is just to set each thickness ratio of the bottom half section of a low 
refractive -index layer, and the Johan section to 2*1. 

[0057] Moreover, the forming- membranes method and thickness of each class of the light 
antireflection film of the above-mentioned specification are as in Table 12. 

[0058] Thus, the spectral-reflectance curve of the created light antireflection film becomes like 
drawing 4 , and it turns out that an optic with the good acid-resisting effectiveness is obtained. 
The variation of the interference fringe from the field deformation by the stress of this 
antireflection film became 4.5, and what has a very few change of the profile irregularity of the 
optic generated with membranous stress was obtained. 

[0059] moreover, the outermost layer to which this antireflection film touches air - IAD - since 
membranes were formed by law, the result of a mechanical test (it rubs and examines), a 
high-humidity/temperature trial, and a solvent bath trial showed the result better than what 
formed membranes only by the EB method as shown in Table 13. 
[0060] 
[Table 9] 



[0061] 
[Table 10] 

[0062] 
[Table 11] 

[0063] 
[Table 12] 



Layer number- From a substrate side to 1, 2, 3, 4, 5, 6 [0064] 
[Table 13] 



Film by the EB method : The same ingredient as this example, It creates only by the EB 
method with a configuration. It rubs and is trial-lens cleaning paper. 300g load Ten round trips 
High- humidity /temperature trial: 70 degrees 85% 500 hours Solvent bath trial' Ethanol To a 
transparence glass substrate (thickness of 0.5mm) very thin for 100 hours (the 4th example) 
MgF2 from -- the becoming low refractive-index film was formed and the variation of the 
interference fringe on the basis of the perfect flat surface by 633nm laser beam formed the light 

11/15 



[JP,09-085874,A] 



monolayer antireflection film which is **zero optical thin film with the whole monolayer 
an tire flection film. 

[0065] In order to make variation of the interference fringe by the stress of the whole 
antireflection film or less into **zero by forming membranes to the thickness for which it asked, 
respectively on two kinds of membrane formation approaches beforehand searched for in the 
following ways at the time of low refractive -index layer membrane formation, and membrane 
formation conditions at this time, it is a stress value with the whole antireflection film 1.2x103 
n/m2 It must be made below. It is the stress value of a formula (2) and a formula (3) to an 
antireflection film About 0 n/m2 It turns out [ a target, then ] that it is good. 
[0066] the bottom half section of a low refractive -index layer - IAD - membranes are formed by 
law " having " moreover, the IAD with the same Johan section of a low refractive-index layer - 
it is the part which changed membrane formation temperature and was formed by law, and a 
membrane formation pressure, a membrane formation rate, and membrane formation 
temperature are formed on the conditions shown in the following table 14, respectively. MgF2 
which formed membranes on this condition The numeric value of the stress in Table 14 
measured the stress value beforehand. 

[0067] the conditions of Table 14 - MgF2 the bottom half section - tensile stress +3.0x108 n/m2 
and MgF2 the Johan section - compressive -stress- 1.0x108 n/m2 it is since - it turns out that 
what is necessary is just to set each thickness ratio of the bottom half section of a low 
refractive -index layer, and the Johan section to 1-3- 

[0068] Thus, the spectral-reflectance curve of the created antireflection film became like 
drawing 5 , and the optic with the good acid-resisting effectiveness was obtained. What change 
of the interference fringe by the stress of the created whole antireflection film becomes **zero, 
and does not have change of the substrate profile irregularity generated with membranous 
stress was obtained. 

[0069] moreover, the outermost layer to which this antireflection film contacts air ■■ IAD ■■ 
since membranes were formed by law, the result of a mechanical test (it rubs and examines), a 
high-humidity/temperature trial, and a solvent bath trial showed the result better than what 
formed membranes only by the EB method as shown in Table 16. 
[0070] 
[Table 14] 



[0071] 
[Table 15] 

[0072] 
[Table 16] 



12/15 



[JP,09-085874,A] 



Film by the EB method : The same ingredient as this example, It creates only by the EB 
method with a configuration. It rubs and is trial-lens cleaning paper. 300g load Ten round trips 
High-humidity/temperature trial: 70 degrees 85% 500 hours Solvent bath trial: Ethanol On a 
transparence glass substrate (thickness of 0.1mm) very thin for 100 hours (the 5th example) Ta 
205 from - the becoming layer " the high refractive -index layer T - carrying out - Si02 Use 
the becoming layer as the low refractive-index layer S, carry out a laminating with the film 
configuration of TSTS, and it sets to incident light 45 degrees, from - With the half mirror film 
which is an optical thin film of 40 - 60% of reflection factors, the variation of the interference 
fringe on the basis of the perfect flat surface by 633nm laser beam interferometer formed **one 
or less thing on the wavelength of 450-650nm. 

[0073] In order to make variation of the interference fringe by the stress of the whole half 
mirror film or less into **one by forming membranes to the thickness for which it asked, 
respectively on two kinds of membrane formation approaches beforehand searched for in the 
following ways at the time of membrane formation of a high refractive-index layer and each low 
refractive-index layer, and membrane formation conditions at this time, it is a stress value with 
the whole half mirror film 1.2x103 n/m2 It must be made below. It is the stress value of each 
class of a formula (2) and a formula (3) to the half mirror film About 0 n/m2 It turns out [ a 
target, then ] that it is good. 

[0074] the bottom half section of a high refractive -index layer forms membranes by the EB 
method having - moreover, the Johan section of a high refractive -index layer IAD - 
membranes are formed by law. A membrane formation pressure, a membrane formation rate, 
and membrane formation temperature are formed on the conditions shown in the following 
table 17, respectively. Ta 205 which formed membranes on this condition The numeric value of 
the stress in Table 17 measured the stress value beforehand. 

[0075] the conditions of Table 17 - Ta 205 the bottom half section - tensile stress +2.0x108 
n/m2 and Ta 205 the Johan section - compressive -stress- 2. 0x108 n/m2 it is ■- since the stress 
of a high refractive -index layer - almost sigma=0 n/m2 ** - in order to carry out, it turns out 
that what is necessary is just to set each thickness ratio of the bottom half section of a high 
refractive-index layer, and the Johan section to 1:1. 

[0076] the same -- the bottom half section of a low refractive -index layer -- IAD ■■ the part 
formed by law - it is - moreover, the IAD with the same Johan section of a low refractive -index 
layer by law, a membrane formation rate is changed and membranes are formed. A 
membrane formation pressure, a membrane formation rate, and membrane formation 
temperature are formed on the conditions shown in the following table 20, respectively. Si02 
which formed membranes on this condition The numeric value of the stress in Table 18 
measured the membranous stress value beforehand. 

[0077] the conditions of Table 18 - Si02 tensile stress +1.5x108 n/m2 of the bottom half section, 
and the Johan section - compressive-stress-2. 5x108 n/m2 it is - since -- a low refractive -index 
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layer - almost sigma=0 n/m2 ** - in order to carry out, it turns out that what is necessary is 
just to set each thickness ratio of the bottom half section of a low refractive -index layer, and the 
Johan section to 5-3. 

[0078] Moreover, the membrane formation approach of each class of the half mirror film of the 
above-mentioned specification and thickness are as in Table 19. 

[0079] Thus, the spectral transmittance curve of the created half mirror film is shown in 
drawing 6 . This drawing shows that it is the half mirror film with which are satisfied of the 
above-mentioned specification. Change of the interference fringe by the stress of the created 
whole half mirror film is **0.7, and does not almost have deformation of the substrate 
generated with membranous stress, and the half mirror film with good substrate profile 
irregularity was obtained. 

[0080] moreover, the outermost layer to which this half mirror film touches air - IAD - since 
membranes were formed by law, the result of a mechanical test (it rubs and examines), a 
high-humidity/temperature trial, and a solvent bath trial showed the result better than what 
formed membranes only by the EB method as shown in Table 20. 
[0081] 
[Table 17] 

[0082] 
[Table 18] 

[0083] 
[Table 19] 

Layer number ' 7 1, 2 and 3 from a substrate side, 8 [0084] 
[Table 20] 

Film by the EB method: Create only by the EB method with the same ingredient as this 
example, and a configuration. It rubs and is trial:lens cleaning paper. 300g load Ten round 
trips High-humidity/temperature trial: 70 degrees 85% 500 hours Solvent bath trial: Ethanol 
100 hours [0085] 

[Effect of the Invention] Since this invention is constituted as above-mentioned, effectiveness 
which is indicated below is done so. 

[0086] A substrate etc. can be distorted in the internal stress of an optical thin film within each 
thin film which constitutes an optical thin film for phase murder and said internal stress, or an 
optical thin film highly efficient and cheap moreover without a possibility of causing thin film 
peeling can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The film configuration of the optical thin film by one example is shown. 
[Drawing 2] It is the graph which shows the optical property of the 1st example. 
[Drawing 3] It is the graph which shows the optical property of the 2nd example. 
[Drawing 4] It is the graph which shows the optical property of the 3rd example. 
[Drawing 5] It is the graph which shows the optical property of the 4th example. 
[Drawing 6] It is the graph which shows the optical property of the 5th example. 
[Description of Notations] 

1 Substrate 

2 Optical Thin Film 

10 Thin Film of High Refractive-Index Layer 
20 Thin Film of Low Refractive-Index Layer 



[Translation done.] 
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